Seedlings originating from open-pollinated offspring of six and four populations of Prunus padus and Sorbus aucuparia, respectively, were studied with respect to phenology and growth traits for 3-4 years in a nursery. There were no replications at the population levels since the experiments should be converted to seedling seed orchards. Therefore, a special statistical model for analysis of the population effect was developed making use of neighbour performances. This model was also used for derivation of heritabilities. The heritabilities for phenology traits were in many cases high in P. padus, > 0.40, while they varied in the range 0.07-0.62 in S. aucuparia. The population effect was significant for all growth rhythm traits in P. padus and for a majority of traits in S. aucuparia. In both species the heritability for height decreased over time. Only bud flushing in P. padus indicated a relationship with population latitudinal origin in some cases. The genetic correlations between bud flushing different years were relatively strong in both species while the corresponding correlations for leaf colouring were moderate in P. padus and weak in S. aucuparia. In conclusion, the observed structure suggests that the pattern of seed dispersal may have an influence on the among-and within-population variation.
Introduction
The increasing concern on commercially less important species, as for instance Sorbus spp. and Prunus spp., during the last decades in European countries made it possible to initiate new projects which enables enlargement of genetic knowledge on them (see proceedings of Noble Hardwoods Network of European Forest Genetic Resources Programme -EUFORGEN). The creation of proper conditions for gene conservation is hardly possible without the knowledge of evolutionary processes in forest tree species (ERIKSSON et al., 1993) .
The genetic knowledge available on rare forest tree species is still scarce.
Sorbus aucuparia and Prunus padus both have more or less the same geographic distribution in Sweden from the very north to the south, but they do not always overlap and belong to the same type of vegetation or tree communities. Both species have a wide but scattered distribution, both are insect pollinated (though not the same species compositions of insects), good seed dispersal by birds and mammals. They differ with respect to time of seed maturation, Sorbus aucuparia has such a late seed maturation that migrating birds may cause a considerable southwards seeds transfer while there is high probability that P. padus seeds are distributed locally by birds thanks to an earlier seed maturation than in S. aucuparia. If this difference were of greatest significance, the among-population variation would be larger in P. padus than in S. aucuparia. The ability to resprout from stump or roots also is characteristic to both species. The main differences in life history traits between the two species are the successional stage in forest ecosystems and outcrossing rate: S. aucuparia being normally a pioneer species (but also with high shade tolerance at young age) and to some extent selfpollinated, while P. padus is intermediate and predominantly outcrossing, but with occurring efficient vegetative regeneration (DEILLER et al., 2003) . At higher altitudes S. aucuparia can become the species present in all succession stages (KULLMAN, 1986) . Based on northern population investigation SPERENS (1997) found that S. aucuparia is only partly self-incompatible, though the situation could be different in central part of the species natural distribution range. Apomictic reproduction way is quite usual in Sorbus species, but not in S. aucuparia (SPERENS, 1997) . The process of natural hybridization between the Swedish Sorbus species (there are also naturally occurring S. intermedia, S. hybrida) can result in a hybrid complex (PROCTOR et al., 1989) , which complicates the taxonomy in agreement with the situation after species hybridization in oak species (RUSHTON, 1993) .
The higher altitudinal range of Sorbus aucuparia is another characteristic that separates the two species. One more peculiarity of this species is the usually high intensity browsing pressure on the seedlings that keeps them under canopy layer for a long time even if they occur abundantly in cohorts. If present, this causes the physiological senescence and reduces the period of reproductive longevity of mature trees. P. padus trees commonly inhabit richer and wetter soils than S. aucuparia. Even if both species are hardy with respect to climatic conditions and characterised by high adaptedness, this does not necessarily mean that they experience the same kind of environmental heterogeneity (LEVINS, 1963) as they have different reaction norms. The size of selective environmental neighbourhood in sensu BRAN- DON (1990) can differ in the two species as well. STERN (1961) has shown that even closely related forest tree taxa could differ much in ecological requirements if they differ with respect to succession stage in forest ecosystem. LEVIN (1963) predicted that climax species are more specialized than pioneer species. Intermediate species in that case would be somewhat in between. Species with wide range of distribution should be exposed to large heterogeneity in habitats.
The objectives of the study were to study the pattern of variation for climatic adaptation within and between populations. We also intended to investigate if any differences in genetic structure may be related to differences in life history traits.
Material and Methods
Open-pollinated families of trees from six Swedish native populations of P. padus and four populations of S. aucuparia were studied in a common garden experiment. Trees with superior phenotype as regards growth and stem quality were selected for seed collection, keeping a distance of approximately 40 meters between them in order to decrease the possibility that they are components of the same clones. The geographic data of the populations and the number of open-pollinated families in each population are presented in Table 1 . The selected populations cover only parts of the whole species range in Sweden. families in S. aucuparia and 7-10 families in P. padus represented each population.
The recordings were collected in three subsequent years starting at age 3, though some traits were recorded four years and phenology traits were assessed several times per season. With exception of height and leader length, the traits were recorded in classes with linear scales. The traits assessed for both species were: bud flushing (0-5), leaf autumn colouring (0-4), or leaf fall (0-5), plant health/conditional status (0-2) and height. In addition to this, amount of flowers or flowering abundance (0-3) and the stage of flower development or flower status (0-3) were assessed in P. padus. The growth after a repeated flush was recorded in S. aucuparia: 0 -no reflushing, 1 -start to reflush, 2 -long leader of repeated flush. The higher the figure the more advanced the stage of trait progress, e.g. leaf development and colour intensity, with the exception of plant status where the higher number stays for poorly performing plants. The recordings were made up to age 5 in both species and only two traits were assessed in P. padus at age 6.
Statistical Methods
Individual observations were used in the analyses. The parameters were estimated using the procedure Mixed of the SAS Software (1999).
The spatial variation was modelled in two parts. A latent surface as a function of the row and column numbering was used for the longitudinal trends of the field conditions. The local dependence was modelled by a random field where the correlation between plots decreases with the distance. The purpose with these techniques was to adjust the comparisons of the unreplicated populations.
The model for an observation y rc of the tree in row r and column c was:
where The seeds of P. padus were collected in 1992 and S. aucuparia in 1993. The stratification of seeds was done before sowing. The nursery trial was established in Pustnäs nursery, 7 kilometers south of Uppsala, on sandy loamy soil in autumn 1993 with P. padus and in autumn 1994 with S. aucuparia one-year-old seedlings. The experiment was designed so that one population was kept in a separate block with six replications of randomised four-tree plots per family at a spacing of 1 x 1.2 m between trees. The reason for keeping the populations separated from each other was that the trial should be able to convert into seedling seed orchard. Six Baliuckas et.al.·Silvae Genetica (2005) The latent field effect d rc is a weighted average of the effects g ss , g us , g su and g uu at the corner points (r s , c s ), (r u , c s ), (r s , c u ), and (r u , c u ), respectively. The weights are inversely proportional to the coordinate-wise distances. The corner points were used to define subareas. The subareas for P. padus were chosen as shown by large dots in Figure 1 .
As two neighbour subareas share two corner points, the latent surface is continuous all over the field. Within a subarea and for a given value of r, the latent surface is linear in c but the slope depends on r. The same characterization is true with r and c interchanged. Due to these linear properties, the field effect at the center point of a population is obtained as a weighted mean of the effects g ss , g us , g su and g uu at the corner points. As an example, the latent field effect for the P. padus population no. 5 (latitude 60°52') with center point (8.5, 36.5) is written that simplifies to {[g ss + g us ]13 + [g su + g uu ]4} / 34 with g ss , g us , g su and g uu as the effects at (0.5, 28.5), (16.5, 28.5), (0.5, 62.5), and (16.5, 62.5), respectively. The field plan for S. aucuparia was a square with plants in 24 rows and 24 columns. The four populations were placed in squares of size 12 x 12. The whole field was used as a subarea for the d rc structure using the corner points (0.5, 0.5), (24.5, 0.5), (0.5, 24.5), and (24.5, 24.5). Hypotheses of latent horizontal field effect were tested by F statistics.
One effect of this spatial modelling is that neighbour populations are compared with a better precision than those more apart. This is mainly a consequence of the latent surface, unless the correlation parameters ρ r and ρ c are very close to 1.
In model (2) below the connected effects d rc in model (1) are replaced by separate regression planes for each population.
The random variation is the same in the models but there is no requirement in model (2) making the regression planes to meet between neigbouring populations.
The residual effects e rc of individual trees were assumed to be independent. The plot variance was included in the phenotypical variance and the formula used for the narrow-sense heritability was: and the estimate was found by replacing the variance components by their estimates from Proc Mixed, SAS (1999). As d rc was used for the spatial effect, there were no block effects included in the model. Standard errors of the estimates of the heritabilities and the relative variance components were found by Taylor expansions and the asymptotic covariance matrix of the estimates obtained from Proc Mixed. Individual heritabilities by using separate family variance components for the populations were also obtained (in addition to the pooled versions in model (1)). In order to check whether the family variance components were different among populations, the likelihood ratio test with the χ 2 statistic was used. The likelihoods for the models with a common family variance and for separate variances were found by REML using Proc Mixed.
Additive genetic coefficients of variation for each population was calculated using the formula:
Genetic correlations based on pooled data from all populations were calculated. Correlations were calculated only if the standard error of the family variance component was less than 60 % of the estimate of the component. The calculated types of genetic correlations were: 1) correlations between the same trait assessed in two or more years; 2) correlations between different traits assessed in a specific year. For calculations of genetic correlation coefficients the set of programs "Dfprep" and "Dxmux" of DFREML Software 3.0 α (MEYER, 1997) was used. In this program, block effect was set as fixed and no covariables or additional random effects were used in calculation of genetic correlations.
Results
The estimate of the spatial latent surface corrected for population effects is illustrated in Figure 1 for the height at age 5 of P. padus. The field conditions were most favorable for population no. 1 (lat. 58°25') in the left part of the field whereas the situation is the opposite for population no. 6 (lat. 62°56') in the lower right corner. The first line of Table 2 shows uncorrected effects of the populations determined by using local disconnected regression planes separately for each population. The corrected effects on the second line are based on model (1) . The differences on the third line are similar to the estimated center-point field effects. The latter can also be discerned in Figure 1 by subtracting the estimate 170.8 of the overall height mean at age 5. The local model (2) with regression planes is used to enable similar estimation of the variance components for plots and trees. For the height at age 5, the estimates of σ 2 w were 274.3 (standard error 87.1) for the local model (2) and 236.9 (s.e. 62.7) for model (1) . The estimates of the variance component for individual trees were 989.8 (s.e. 44.2) and 986.8 (s.e. 43.9). The estimated correlation parameters in model (1) for the height at age 5 in P. padus were ρ r = 0.44 (s.e. 0.14) and ρ c = 0.44 (s.e. 0.09). The correlations are significantly different from zero but as the variation between plots is small compared to that for individual trees, σ 2 w /σ 2 e = 236.9 / 986.8 = 0.24, the influence is limited to some but not unessential adjustment for the precision in the comparison of population effects. One consequence of the spatial adjustments is that the precision of the population comparisons decreases with the distance. One example was for the height at age 4 where the difference 21.2-(-3.2) = 24.4 between the effects of populations nos. 4 (lat. 60°34') and 5 (lat. 60°52') was significant (adjusted with respect to 15 possible pair-wise comparisons) but the difference 21.2-(-5.3) = 26.5 of population nos. 4 (lat. 60°3
4') and 6 (lat. 62°56') was not in spite of the larger difference.
Summaries of the results for the field effects analysed by model (1) are given for P. padus and S. aucuparia in Tables 3 and 4. Most of the significant different field effects and significant spatial correlation occurred for the height and growth traits in P. padus.
The population effect was strongly significant for most traits in P. padus, except for flower stage, flowering abundance, and plant status (Table 5) . Similarly, plant status in S. aucuparia did not show significance for the population effect but contrary to the situation in P. padus there were no or weak significant estimates obtained for most leaf fall and leaf colouring traits ( Table 6 ).
Our data show that there is a large variation for phenology and growth traits in some populations. These differences are reflected in the relatively high estimates of heritability and CV A s for these populations. Generally, the heritability and CV A estimates were rather similar in the two species but the standard errors in P. padus were somewhat smaller (Tables 5 and 6). With respect to CV A estimates of individual populations, leaf fall and leaf coloring were the traits that varied mostly among the traits studied. The heritability of the phenology traits of P. padus and S. aucuparia increased with age and became remarkably high for leaf fall (Tables 5 and 6) while the estimates decreased with age for height.
The results of the likelihood ratio test for homogeneous family variances among the populations were non-significant for S. aucuparia, but significant for almost one third of the traits in P. padus (Tables 5 and  6 ). The pooled estimates of heritabilities based on a common family variance were used in Tables 5 and 6, irrespective of the results of the χ 2 test.
As seen from Table 7 there were positive relationships between bud flushing and latitude for assessments carried out in P. padus. All other relationships with other types of trait were weak with low values of R 2 . With only four populations it was not meaningful to try to trace any clinal relationship with origin of the populations in S. aucuparia. However, the two southerly populations grew much better than the two northerly populations.
From Tables 8 and 9 it is seen that the genetic correlations between leaf colouration in different years was rather weak while the corresponding correlations for bud flushing were mostly strong. Autocorrelation Baliuckas et.al.·Silvae Genetica (2005) explains to a large extent the strong height-height correlations.
In both species the genetic correlations between different types of traits were all relatively weak and sometimes negative.
Discussion

Variation within populations
The individual heritability and CV A estimates for the phenological traits are to some extent dependent on the stage of development at the assessment. If the assessments take place very early or very late there will not be possible to reveal genetic variation. In the present material there are only a few indications that heritability estimates are low owing to low mean values (Tables 5  and 6 ).
We have assumed that the material studied consisted of true half-sibs. As a consequence of this the family variance estimates a quarter of the additive variance. SAEBØ and JOHNSEN (2000) assumed that there was a higher degree of relatedness in their Sorbus aucuparia study. They assumed that the family variance estimated one third of the additive variance. Since the two species occur scattered there is some probability that pollinations take place mainly within small cohorts of trees giving room for a certain degree of full-sibs. As a corollary of this, heritability and CV A estimates may be overestimated. However, it is impossible to know the relatedness within the open-pollinated progenies and therefore our estimates must be regarded as upper limits for heritability and CV A . In this way estimations beyond the allowed values, as was the case for one of the leaf fall estimates in P. padus (Table 5 ) and for height in population no. 1 of P. padus, may be attributed to a higher degree of relatedness than half-sibs. It should also be noted that the relatively low number of families makes the precision of the estimates fairly low. Even if the estimates are somewhat exaggerated they must be regarded as surprisingly high for this category of species. This large within-population variation in the two species suggests that there are effective means for gene flow even in insect pollinated and scattered tree species in agreement with the observation for Acer platanoides (ERIKS- SON et al., 2003) and the rarely occurring species, Sorbus torminalis, (DEMESURE et al., 2000) .
The CV A estimates of the same trait at several occasions in individual populations were rather stable with a possible exception for leaf fall in some cases (data not shown). This observation is reflected in the strength of the genetic correlation coefficients (Tables 8 and 9 ).
Since the estimates for heritability and CV A were mostly of similar magnitude in the 2 species (cf Tables 5 and 6) there is no support for the expectation of a strong genetic impact of migrating birds (cf Introduction).
The estimates of heritability and CV A varied in the same range for the same type of traits as observed for another insect pollinated species, Prunus avium, studied in nursery by BALIUCKAS et al. (2000) .
The observed slight increase with age for the phenological trait heritabilities and the decrease of height heritability agreed with the results reported by SAEBØ and JOHNSEN (2000) in their study of Sorbus aucuparia. A similar age trend was observed in P. padus too. The decrease with age of the two parameters for height in P. padus may be attributed to the onset of fruiting, which led to a levelling of tree heights (cf . SAEBØ and JOHNSEN, 2000) .
Variation among populations
There were some differences in site conditions in the nursery trial, in which the populations were growing separated from each other. In spite of that, population differences were revealed for most traits in both species (Tables 5 and 6). Tables 5 and 6 show that the population differentiation had stronger significances in P. padus than in S. aucuparia, which is in agreement with the expectation according to the difference in seed dispersal of the two species (cf Introduction). However, it should be noted that the number of populations was larger in P. padus than in S. aucuparia, which may partly contribute to this result. A wide seed dispersal by migrating birds in S. aucuparia as stated in Introduction will reduce the among-population variation in this species. As the tests were adjusted for the spatial effects, they were performed with a somewhat lower efficiency compared to a randomised design, in particular for populations that are planted at a long distance from each other. Adjustments as illustrated in Table 2 for the height at age 5 in the P. padus experiment are in some cases quite large. In particular, the field conditions are most unfavourable for population no. 6 (lat. 62°56'). This implies that the observed lowest mean for this population becomes the third smallest after the adjustment. Although the field differences are significant (F = 3.21** in Table 3 ), the differences of the populations are significant after the adjustment (F = 4.08** in Table 5 ). As a whole, the differences among populations were larger than those among field effects as indicated by the mostly weaker significances in Tables 3 and 4 compared to those in Tables 5 and 6. The latent surface can be somewhat improper as its contours are hyperbolic and a local maximum or minimum cannot be attained within the subarea. However, as it is defined in segments it is more flexible than for example a second-order regression surface as the latter must be symmetric on both sides at long distances from the stationary point. In our P. padus data for the height at age 5, the favourable field conditions at population no. 1 (lat. 58°25') and poor condi- Table 9 . -Sorbus aucuparia. In bold extreme values of genetic correlation coefficients for the within-trait correlations over years are given. In normal font extreme values for correlations between different types of traits assessed specific year are presented. In case of only one estimate possible, the estimate is given as a maximum. Baliuckas et.al.·Silvae Genetica (2005) tions at population no. 6 (lat. 62°56') would imply high values for population no. 3 (lat. 59°53') and low for no. 2 (lat. 59°30') if a second-order surface had been used. This is not realistic as seen from Figure 1 . It is possible for our data to define smaller subareas and thereby more segments that can describe the latent surface. However, preliminary analyses showed that the more detailed models did not change the conclusions; the patterns such as in Figure 1 were on the whole unchanged. The continuity of the latent surface is of course important and separate non-connected regressions are not useful, see Table 2 where the unadjusted and adjusted population effects are different. In conclusion it can be stated that even after correction for the field conditions the population effects were significant for most traits in both species. The ranking, however, among the populations can be changed.
The statistical evaluations given in
The few cases of a moderate and positive relationship between bud flushing and origin confirm the general trend from tree species that northerly populations flush earlier than southerly populations (MORGENSTERN, 1996) . Even if the corresponding relationships for height were non-significant the negative slope of these relationships are in agreement with observations for trees from the same area of distribution (e.g. EICHE, 1966) . In a limited material (population sizes 4-15 trees) of S. aucuparia BARCLAY and CRAWFORD (1984) found that the growth rate increased with altitude, which is contrary to expectation. The varying type of relationship for leaf fall suggests that this trait is of less adaptive significance than bud flushing. This agrees with observations made for Quercus robur (BALIUCKAS et al., 2001) . In this connection it is worth mentioning that SAEBØ and JOHNSEN (2000) explained the reduced growth of S. aucuparia starting from age 6 by onset of fruiting. HÅBJØRG (1978) reported conflicting data on the photoperiodic influence on growth cessation in Norwegian S. aucuparia populations. However, he concluded that there is a clinal variation in this species as well and that the deviating data were attributed to technical problems with light regulation in one experiment. It is evident that leaf fall in the two northerly populations of S. aucuparia was slightly more advanced than in the two southerly populations in agreement with HÅBJØRG's conclusion.
From the observations of plant status it is evident that the two southerly populations were healthier. Even if the northerly populations are far from marginal, it may be speculated that there is some inbreeding in seed collected from populations from harsh growth conditions. The negative correlation between the altitude of origin and seed viability and weight (see BARCLAY and CRAWFORD, 1984) suggests not only that the origin influences the duration of the growth period of trees, but also a higher rate of self-pollination in higher altitudes owing to fewer pollinators and that poorly growing trees do not attract pollinators as was shown by SPERENS (1996) . In our study the populations from the highest altitude also had the poorest performance. The limiting factor of resources available at high altitudes also cannot be excluded. POPOV (1990) detected a decreasing south-north cline for flower /fruit ratio in populations of S. aucuparia originating from White Sea to Black Sea in Russia, and it was explained by the main influence of weather conditions of the previous year at the origins of the populations.
Based on the study of 10 loci encoding 6 enzymes in 17 European S. aucuparia populations, RASPE and JACQUE- MART (1998) found quite low level of population differentiation, which was remarkably lower than wind-pollinated late successional species. Geographic pattern of isolation by distance was observed in that study, which means comparatively higher regional similarity in population groups. The founder events, such as number of contributing individuals and number of groups involved during the phase of population establishment or difference in age groups can lead to significant differences between the populations (see e.g. WHITLOCK and MCCAULEY, 1990) . A study of intra-specific chloroplast DNA variation of French and Belgian populations of S. aucuparia revealed low level of genetic differentiation among them, although it was higher than for nuclear markers (RASPE et al., 2000) . RASPE et al. (2000) concluded that processes going on in meta populations, such as colonization and extinction, may increase among-and decrease within-population differentiation, despite of high level of gene flow in a species. Investigations done on German Sorbus species showed some specific adaptation or indication of ecotypes along altitudinal gradients (HILLEBRAND and ROSENBERG, 1996) .
Genetic correlations
The strong correlations for bud flushing between different times and ages of assessment agree with observations in other hardwood tree species (BALIUCKAS et al., 1999 (BALIUCKAS et al., , 2000 (BALIUCKAS et al., , and 2001 ). These results also suggest that assessments 1-2 years are enough to get reliable data for this trait. In spite of the sometimes high estimates of heritability for leaf fall the genetic correlations for this trait were weak, which means that the family x environment interaction was important. This in turn suggests that this trait is more influenced by the environment than bud flushing.
In both species the correlations between different types of trait were in most cases weak and frequently negative (Tables 8 and 9 ). This suggests that different sets of genes regulate the various types of trait. Our estimates of genetic correlations between leaf colouring and height were weaker than observed for another insect pollinated tree species, Prunus avium (BALIUCKAS et al., 2000) . One possible reason may be that leaf colouring in P. avium is of greater adaptive significance than in the two species studied by us.
Concluding remarks
There was a higher ratio of traits showing significant population differentiation in P. padus than in S. aucuparia (Tables 5 and 6). In both species the within-population variation were of about the same magnitude and surprisingly large for species with scattered distributions (Tables 5 and 6 ). This suggests that gene flow even in insect pollinated and scattered tree species may be considerable. The large within-population variation gives the two species good prospects for coping with Baliuckas et.al.·Silvae Genetica (2005) changed environmental conditions and gene conservation can rely on selection of populations in the wild for gene conservation in situ. With the population differences revealed it would be advantageous to select all the populations studied as subpopulations of the gene resource population.
Finally, our data support the expectation that the among-population variation should be less in S. aucuparia than in P. padus owing to the gene flow caused by migrating birds in the former species.
